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APPENDIX A

WEATHER DATA

The following is a graphical presentation of the weather conditions
which occur in the English, German and Korean theaters. USAFETAC collected
and compiled the data used for this characterization; most were contained
in RUSSWOs (Revised Uniform Summaries of Surface Weather Observations).
The data were based on variable periods of record, ranging from a few to
many years. Each of the summaries is derived from observations taken at
hourly intervals.

For some weather conditions, the percentage frequency of occurrence is
less than I percent for all observations. This occurs In four major data
categories:

(I) Observations of snow or freezing rain in summer months,

(2) Observations of temperatures < 320 F in summer months,

(3) ObservaL ,ons of temperatures > 80OF in winter months, and

(4) Observations of low visibility in summer months.

In these cases, the graphs are omitted.
y}

Maximum (minimum) values across a theater were computed by averaging
the maximum (miniatum) values recorded for each airbase within the theater.
The worst case was assumed to be the largest (smallest) observation
recorded for the entire theater. Thus, since the English theater consists
only of Upper Heyford. the maximum (minimum) value is also the worst case.
Data summaries labeled "Worst Case - Worldwide- indicate the maximum (min-
imus) values recorded in the 10 airbases considered in this study.

In calculating mean values over several alrbases, some round-off error
is naturally produced. Values strictly less than 1 percent were rounded
off to be 0 percent; otherwise, the number was rounded up for decimal por-
tions greater than or equal to .5. As a result, percent of occurrence of
exclusive events doos' not alvav-a sum to 100 percent.

The dd&a summaries are grouped Into these five categories of condl-

t tons:

(I) temoerature.

(2) PrecipItation,

(3) Visibility,

ilI



(4) Wind and Wind Chill, and

(5) Relative Humidity.

An example is given with each set of graphs to illustrate the statis-
tics represented. In these discussions, the phrases "of the time" and "of
the observations" are assumed to be synonymous.



1. TEMPERATURE

a. Monthly Temperature Ranges

For each airbase in a theater, the maximum and minimum tempera-
tures were recorded every day within a given month. Three types of statis-
tics were subsequently calculated from this data. The mean maximum (mini-
mum) temperature was computed by averaging all the maximum (minimum) tem-
peratures recorded within the theater.

The largest (smallest) of the maximum (minimum) temperature
observations for each airbase was determined. These values were averaged
across each theater to calculate the absolute maximum (absolute minimum)
temperature. The greatest and smallest of these values were labeled as
worst-case temperatures of the theater.

The annual mean maximum (annual mean minimum) was computed by
averaging the mean maximum (minimum) over the 12 months.

EXAMPLE: At Upper Heyford in January, the mean daily minimum
temperature is 220 F (Figure A-l). However, an absolute minimum temperature
of 80F has also been recorded in Janu'ary. That is, among the daily minimum
temperatures averaged together to obtain a mean of 220 F, the lowest
recorded was 80 F.

EXAMPLE: On the graph labeled "Worst Case: Korea" (Figure A-5),
the lowest temperature in March, 11OF, is the minimum of all values
recorded in March at Osan and Kunsan. This is in distinction to the abso-
lute minimum shown in Figure A-3, where the minimum temperatures recorded
at Osan and Kunsan are averaged, yielding a value of 150 for March.
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b. Daily Minimum/Mean/Maximum Temperature Range

For each airbase in a theater, the temperature was recorded
hourly. These data were combined into 24-hour groups and daily maximum,
daily mean, and daily minimum temperatures were determined. Tables were
subsequently calculated to represent frequency of occurrence of these tem-
peratures. These probabilities of occurrence were averaged across each
theater to derive the frequency of occurrence for the theater. The follow-
ing set of graphs indicates that, for each month, 98 percent of all daily
minimum (mean/maximum) temperatures fall within the range, 1 percent lie

K above the range, and 1 percent lie below the range.

For the worst case graphs, the minimum (maximum) value for the
theater represents the lowest (highest) 1-percent level of all bases in
that theater. Since these contain data from several airbases, it is no
longer true that exactly 98 percent of the values fall within the range.
In fact, these curves contain more than 98 percent of the values.

EXAMPLE: In January at Upper Heyford (Figure A-7), 98 percent of
the daily mean temperatures are between 220F and 530 F, 1 percent are less
than 220F, and 1 percent are greater than 530 F.
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c. Frequency of Occurrence for Indicated Temperatures

This set of graphs indicates daily patterns of temperature by
month. The temperature is recorded hourly for each airbase and then is
grouped into the intervals indicated on the graphs. These statistics were
determined by calculating the percentage of those recorded values that fall
within each temperature range. The resulting percentage frequencies were
averaged across each theater.

EXAMPLE 1: In January at Upper Heyford (Figure A-21), 11 percent
of temperatures from 9:00 a.m. to 11:00 a.m. range from OOF to 32OF; the
rest of the time (89 percent of the recorded values), the temperature is
between 320F and 670F.

EXAMPLE 2: Consider the Korean theater in July (Figure A-39)
from 12:00 a.m. to 2:00 a.m. During these hours, approximately 14 percent
of the temperatures were between 320F and 670 F, 76 percent of the tempera-
tures were between 670F and 800 F, and 10 percent of the temperatures were
greater than 800F.
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d. Guration of Extreme Temperatures

(1) Temperature < 32OF

(2) Temperature > 800F, 850F, 90OF

These graphs represent unconditional durations of temperatures
for at least the number of hours indicated. If the temperature was recorded
to be below freezing for three consecutive hourly observations, the events
recorded would be: three observations occur in subfreezing temperatures
which last at least 2 hours; three observations occur in subfreezing tem-
peratures which last at least 1 hour; and three observations occur in sub-
freezing temperatures which last at least "0 hours" (that is, three obser-
vations of subfreezing temperatures occur).

EXAMPLE: Consider the duration of temperature < 32OF in January
at Upper Heyford (Figure A-57). Approximately 7 percent of the recorded
observations were temperatures below freezing that lasted at least
10 hours. The conditional probability of the duration can be calculated by
considering the ratio of this value to the percent of time that any sub-
freezing observations were made.

In the same graph, then, note that approximately 13 percent of
the observations recorded temperatures less than 320 F. Thus, 7/13 = .54
indicates that in 54 percent of the observations where temperature is
recorded to be below freezing, the subfreezing temperature lasts at least
10 hours.

Similar arguments can be made concerning the graphs of extremely
high temperatures.

Note that the worst-case situation was defined to be the base
that recorded the longest duration of extreme temperatures.
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2. PRECIPITATION

In considering precipitation, it Is important to first note the fol-
lowing items:

(1) An observation of precipitation is recorded for the hour only if
precipitation occurs at the moment of the observation.

(2) More than one form of precipitation may be recorded with the same

observation.

(3) The forms of precipitation are defined below.

a. Thunderstorms - reported occurrence of thunderstorms, tor-
nadoes and waterspouts.

b. Rain and/or drizzle - all liquid precipitation falling to
the ground, but not freezing.

c. Freezing rain and/or freezing drizzle - precipitation fall-
ing in liquid form, but freezing on contact.

d. Snow and/or sleet - snow, snow pellets, sleet, ice crystals.

84

S.



a. Estimates for 2-Year 1-Hour Rainfall

These rainfall intensity estimates were detarmined by a method
described in Reference 1. A 1-hour rainfall indicates the rainfall lasts
fur an hour; a 2-year rainfall is one which has an annual probability of
occurrence of 1/2 - .5.

EXAMPLE: In Upper Heyford, a rainfall that potentially occurs
once every other year has an estimated intensity of .32 inches/hour
(Table A-l).

85



TABLE A-I. ESTIMTES FUR 2-YEAR 1-HiOUR RAINFALL

I UPPER HEYFORD .3214/H-R

BITBURG .5011/HR

HAHN .5 "Ai~R

RAMSTEIN .45u/HR

RHEIN-MAIN .58TM/HR

SEMBACH B69"/HR

SPANGOAHLEM .68"'/HRi

ZWEIBRUCKEN .70u/HR

KUNSAN 1.a8h/HR

O.SAN 2.2u/HR
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b. Maximum Amounts of Daily Precipitation/Snowfall/Snowdepth

For each airbase in a theater, precipitation was measured at
hcurly intervals. These data were combined into 24-hour groups and daily
maximum amounts of precipitation were determined. The mean maximum preci-
pitation was computed by averaging these values across each theater. Next,
the largest o the maximum precipitation observations for each airbase was
determined. These values were averaged across each theater to calculate
the ahsolite maximum precipitation. The greatest of these values was
labeled as worst-case precipitation of the theater.

For each year in the period of record, monthly mean maximum pre-
cipitation values were averaged. Each of these yearly means were then
aýýraqed to produce an annual mean maximum precipitation for each airbase.
The annual mean maximum for the theater was found by averaging the values
for each airbase in the theater.

Similar argument, can be made for snowfall and snowdepth.

EXAMPL.: Consider Upper Heyford in May (Figure A-78). The graph
indicates that the average maximum amount of daily precipitation is approx-
imately .6 inches, wherea- the absolute maximum value recorded in May is
?.2 inches. Al-o r.ote that the annual mean maximum amount of precipita-

tion,, 1.2 in.ihes, is indicated tý the right ot the chart.
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c. Daily Amounts of Precipitation/Snowfall/Snowdepth

For each airbase in a theater, the amount of precipitation was
measured at hourly intervals. These data were combined into 24-hour groups
to determine daily precipitation levels. This set of graphs indicates
daily occurrences of precipitation by month. The statistics for each air-
base are calculated by determining the percentage of recorded observations
that fall within each range of precipitation levels. These probabilities
were then averaged across each theater.

Similar arguments can be made for snowfall and snowdepth.

Note that Figures A-116 to A-127 represent only Osan Airbase,
Korea since data were unavailable for Kunsan Airbase in this category.

EXAMPLE: Consider Upper Heyford in January (Figure A-92).
Approximately 29 percent of the days recorded received no precipitation,
21 percent received only a trace and 1 percent received from .51 to
1.0 inches.
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d. Frequency of Occurrence of Weather Conditions

These graphs break down the occurrence of precipitation into
observations of rain, freezing rain, snow or thunderstorms. For each base
and each month, the percent of total observations that record each type of
precipitation is calculated. These percentages are averaged across all
bases in the theater to produce the frequency of occurrence for the
theater. The worst case is considered to be the maximum frequency of
occurrence of each type of precipitation across the theater. Again, incon-
sistency occurs since more than one condition is sometimes recorded d1uring
the same observation.

EXAMPLE: Consider the German theater in January (Figure A-161).
For the mean of the German airbases during this month, approximately i per-
cent of the observations record freezing rain/drizzle; snow/sleet is
observed 9 percent of the time; and rain occurs in 15 percent of the
monthly observations.
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e. Maximum Amounts of Precipitation

Table A-2 represents maximum intensity rainfdll and snwf aII by
country as compiled by ETAC. Note that this table indicates nothing ibout
the frequency of occurrence of these events. The data represent the great-
est amount recorded for each irdicated duration.

EXAMPLE: The table shows that for a storm lasting 4 hours in
Korea, 10.5 inches of rainfall aze the greatest an-unt obsetrd tW date.
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f. Duration of Precipitation

These sets of graphs represent the conditional durat!in ' ,:'
kind of precipitation. That is, the data show the number of hours that
precipitation lasts,given that it occurs.

Recall that these are produ:ed from hourly observations. Thnu,
if the duration of precipitation Is 2 hours, it could have been raining for
120 minutes or it could have rained only 5 minutes in each hour. A long
period of record is required ro ave,,,,i oro)bloms,.

These statistics were derived by considering the ratio of the
unconditional duration of precipitation to the percent of time thit arny
precipitation observations were made. IEr ccxputing thesc value,, some
round-off error was likely to occ:ur wil.tin, earh Jime nntervo'. Thi erro-
could be as great as .5 x ('1umb,'r -f -',-,,"' - rbhe': a .e ' or
tion of .5 and had been rounded op. r h,.r~ c, "c ,rsnt,.v; Vi- :a(
interval were averaged across the theater. TU,-, uvoo thr;jgh h ,,ir•
sent exclusive events, the total percent of occurrence may not i:-' t-
100 percent.

EXAMPLE: Consider Upper Heyford in January (Figure A--165). In
approximately 27 percent of the observations that recorded preci:'itatioo
during this month, the precipitation lasted less than 1 hour. Precipitz
tion lasted from 7 to 8 hours in 4 percent of the observations of precipi-
tation.
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3. VISIBILITY

Horizontal, or ground visibility is defined as the greatest distance,
during the day, from which a dark object can be recognize4 against the hori-
zon sky; at night it is the greatest distance fror= which a moderately intense
light can be seen.
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a. Frequency of Occurrence of Indicated Visibilities:

V < 1/4, 5/16, 1/2 Mile

For each airbase in a theater, visibility was recorded at hourly
intervals. These statistics were computed by determining the percentage of
those observations that were within each visibility range for the month.
The highest frequency of occurrence of low visibility ranges was assumed to
be the worst case. Only worst-case data are included for Germany and Korea
since mean values were very low.

EXAMPLE: Consider Upper Heyford in January (Figure A-201). Our-
ing this month, 6 percent of the observations recorded ,isibi l-

ity < 1/2 mile; 4 percent recorded visibility < 5/15 mile;and3 percenthad
a visibility of < 1/4 mile.
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b. Duration of Visibility < 990 Feet

These graphs represent unconditional duration of visibi I t fr3r
at least the number of hours indicated. The corditional probabillty cr tne
duration could be calculated by considering *he ratio of unconditional
duration of visibility < 990 feet to the percent of total observations of
visibility < 990 feet.

The worst case worldwide! was considered to show that lcw visi-
bility is generally not a problem in any or the three thetr'r.

EXAMPLE: Consider Figure A-204. In January, only 5 pErcent of
the total number of observ'itions recorded the visibility to be < 990 feet.
Approximately 1 percent of the observations were from periods wh&,c! the
visibility was < 990 feet for at least 5 hour. Thus, the conlitior.a
duration is 1/57:0.20. That is, giver tnat tho visibility was re,'e;rded to
be < 990 feet, 20 percent of the time the visibiliLy remdlied at t'dt level
for at least 5 hours.
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c. Frequency of Occurrence of Indicated Visibilities:

V < 400, 300, 200, 100 Meters

Visibilities were recorded hourly for each airbase in a theater
and then grouped by month according to the ranges indicated on the graphs.
The statistics represented in this set of graphs were determined by calcu-
lating the percentage of the total recorded values that fall within each
visibility range.

These worst case worldwide data are giveii to show the most severe
conditions in all three theaters.

EXAMPLE: Consider the frequency of occurrence of visibil-
ity < 400 meters (Figure A-211). In the worst case over all the airbases,
this occurred in 8 percent of the hourly observations in February.
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4. WIND AND WIND CHILL

Wind speeds are considered in this characterization, but not wind
direction.

Wind chill is a biological index which is a function of the dry bulb
temperature and the wind velocity. ;he wind chill can be calculated with
the following equation:

K = ((v x 100)½ - v + 10.5)x(33 - t)
where

K = wind chill
v = wind velocity in m/sec
t = dry bulb temperature in oC.
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a. Daily Peak Gust's

For each airbase in a theater, wind speed was recorded at nourly
intervals. These data were combined into 24-hour groups and the maAimu.r.

daily wind speed was determined. Daily peak gusts for each airbase were
calculated by averaging the maximum daily wind speeds for each day in the
month. These values were then averaged across the theater. The mayirnum of
all airbases in the theater for every month was considered to be the worst
case.

For each year ih; the period or record, maximum wind speeds were
averaged. Each of these yearly means were then averaged to produce an
annual mean maximum wind speed for each airbase. The annual mean gust for

the theater was found by averaging the values for each airbase in. the
theater.

EXAMPLE: In No',rer" typwi Hevford, ttie average daily peak
gust was approximately 42 knots (igqure A-2'15). the mean annual just o:
51 knots represents the average of the annual maximum wind speeds -. tr
every recorded year.

235



bn

z

LU.

IL

0

4-

a..

TO, S-

CI.

z

IL
+ 0

S.LON>I NI 033dS

236



ýn

44

0

Llw
-T 'a

*0A

a'

ccn

ww

U.

SiN" NI 033dS

2373



44-

(JJnL

U(
-JD

ar'

K 4
4

SIN- NI01d

238 '



I-.i

Li~

-J0

V Ll

LuL

I--
00

~~Jz

C., 6

/~
'A

4-a

I 'A

J. 'S
-)J

-LL0

SiNI NI 33

/ t239



t t
K[

I -0

I 0:

/

/1ON t(' 33

/4
i!6)

• v,' . .• , . •':. • , i l • - • • • . = •- : . • .• . . m m "i " " • m : - • • "," " ; • 0*'



b. Ninety-Ninth Percentile Wind Chill Temperatures

Wind chill temperatures were recorded at hourly intervals
throughout the period of record. For each of the given airbases, 99 per-
cent of all wind chill temperatures recorded are greater than the value
given (Table A-3).

EXAMPLE: At Hahn Air Base, only I percent of the wind chill
temperatures measured throughout the year are less than -2.2 0 F.
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TABLE A-3. ND T4-IN'flI PERT: I WIND CHILL TE4ERATURE

UPPER HEYFORD 05.8 F
0

HAHN -2.2 F

0
RAMSTEIN -. 8 F

0
KUNSAN - 2.2 F

0

USAN -11.2 F
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c. Frequency of Occurrence of Wind Speeds

For each airbase in a theater, wind velocity was measured and
recorded at hourly intervals. The frequency of occurrence of wind velocity
within the various ranges indicated on the graphs was calculated from these
data. These values were then grouped by month or annually and averaged
across the theater. The highest wind velocity recorded for each interval
for each of the airbases within a theater was considered to be the worst
case.

EXAMPLE: Annually, Upper Heytord experiences 7-10 knot winds in
approximately 31 percent of the hourly observations recorded (Fig-.
ure A-220).
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5. RELATIVE HUMIDITY

Relative humidity becomes especially important when measured in con-
junction with temperature. The National Weather Service has developed a
Discomfort Index which is a function of relative humidity and ambient tem-
perature. It is

OI = DB - (.55 - .55RH) x (08 - 58)

where 01 = Discomfort Index
OB = Dry Bulb Temperature
RH = Relative Humidity Expresseu as a Decimal

Then to find the temperature which would give the same discomfort index
with 70 percent relative humidity (a somewhat arbitrarily chosen, comfort-
able, or average value), use

.70 .659 RH x 08 - .539 x 08 - 39.204 x RH • 26.743

where T.70 = equivalent temperature at 70 percent relative humidity.

In the example above, T.70 960 F.
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a. Mean Relative Humidity

For each airbase in a theater, the relative humidity was measured
and recorded at hourly intervals. These data were grouped by month and
averaged across the theater. The annual mean relative humidity was com-
puted by averaging the mean relative humidity for each airbase over the
12 months. The worst case for this weather condition was ill defined since
worst occurrences can be either high or low humidity, dependent upon the
temperature. Thus, worst-case data is omitted.

EXAMPLE: In Figure A-259, the mean relative humidity at Upper
Heyford in July is approximately 72 percent. The annual mean relative
humidity, calculated by averaging each of the annual mean values over all
the years of observation, is approximately 78 percent.
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b. Ranges of Relative Humidity

For each airbase in a theater, relative humidity was recorded at
hourly intervals. The data were then averaged across each year. These
statistics were computed by determlning the percentage of those observa-
tions that were within each humidity range indicated on the graphs. These
probabilities were then averaged across the theater.

EXAMPLE: From Figure A-262, 25 percent of all the recorded rela-
tive humidities at Upper Heyford ranged from 70 to 80 percent.
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